formulated the snow density change due to gravity and snow metamorphism effect.
Supplement of "Technical note: Snow Water Equivalence Estimation (SWEE) Algorithm from Snow Depth Time Series Using a Snow Density Model"
Noriaki Ohara Civil and Architectural Engineering, University of Wyoming Phone:+1(307) 343-2670; nohara1@uwyo.edu Derivation of snow compaction term Yoshida (1955) formulated the snow density change due to gravity and snow metamorphism effect.
=weight of snow above the layer in terms of SWE (cm) =viscosity coefficient, a constant for a given density and temperature (cm·hr) (z, t) = snow density at depth z at time t (g/cm
3 )
The viscosity coefficient includes two different effects.
=viscosity coefficient for gravitational compaction =viscosity coefficient for temperature change Kojima (1967) obtained following expression from experiments:
Mellor (1975) formulated viscosity coefficient for temperature change as follows.
Combining (S-1) through (S-5) yields,
Assuming the depth averaged snow density corresponds at the 2/3 of the snow depth from the surface (von der Heydt, 1992), = = depth averaged snow density ̅ = depth averaged snow density Assuming a triangular temperature profile in a snowpack, which indicates snow surface temperature = 2 ̅ , the compaction term in Equation (1) can be obtained.
Derivation of new snow term
When new snow sits on the snow surface, snow density must be modified as below: Now, snow depth change can be expressed in terms of snowfall rate (cm/hr) as follows.
∆ = ∆ • • (S-12)
Substituting Equation (S-12) to Equation (S-11) yields
When ∆ is sufficiently small, and∆ ≪ , one can obtain,
Please refer to the previous response. This is essentially a different type of model from the "existing" models.
We revise the title:
Technical note: Snow Water Equivalence Estimation (SWEE) Algorithm from Snow Depth and Temperature Time Series Using a Snow Density Model
We re-organized the sections accordingly. Thank you. That is a really good suggestion.
Unfortunately, we do not have concurrent snow and air temperature data. Also, this is beyond the scope of this small article.
It is a good idea. We adjusted the snow density as a linear function of the temperature data.
= + When =0.167 (intersect) and =0.0034 (slope), we obtained better comparison as shown below. This analysis indicates that the depth averaged snow density model can describe the snow density evolution if incoming snow density is correctly estimated. In this case, the SWEE algorithm performed better than the other data-driven models, as shown below. This implies that the main source of our estimates is the density of new snow. However, we do not intend to include it in the main article in order to keep this technical note article simple.
